Lane change violations are a major cause of traffic conflicts and accidents at urban intersections and one of many road-safety issues in China. This study aims to explore the socio-psychological factors underlying drivers' motivation for lane change violation behavior at urban intersections and examines how these factors predict this violation behavior. A self-reported questionnaire is designed by applying the construct of the theory of planned behavior (TPB) to collect data. Five hundred-six valid responses are received from the questionnaire survey conducted on the Internet in China. The data are then analyzed using structural equation modeling (SEM). The results of the analysis show that behavioral intention is the strongest predictor of self-reported lane change violation behavior at urban intersections. Perceived behavioral control has both direct and indirect effects on self-reported lane change violation behavior. Furthermore, attitude, subjective norms and perceived behavioral control are found to have significant correlations with drivers' intention of lane change violations at urban intersections. The results of this study could provide a reference for designing more effective interventions to modify drivers' lane change violation behavior at urban intersections.
Introduction
Traffic injuries at intersections account for a large proportion of total traffic-related injuries. In the United States in 2012, 2.5 million traffic crashes occurred at intersections, of which 2,850 were fatal [1] . In China, approximately 30% of total road fatalities occur at intersections [2] . The high number of intersection-related crashes can be partially attributed to drivers' frequent traffic violation behaviors to a large extent [3] . Lane change violations have a great impact on road traffic accidents. According to statistics, during 2010, 5,464 accidents were related to lane change violations in China, with 1,046 deaths and 5,495 injured [4] .
As for the legal status of driving behavior at intersections in China, Article 44 and Article 45 of the Road Traffic Safety Law clearly stipulate that drivers shall strictly observe the indications of traffic lights, traffic signs and traffic line markings when passing through intersections a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 [5] . Lane change violations at intersections are a major cause of traffic conflicts, which can develop into road traffic accidents. To make drivers abide by the law, photo-enforcement cameras are installed at many intersections to deter drivers from making traffic violations. Although traffic violations at intersections could be significantly reduced by the presence of cameras [6] [7] , there is still a tendency among some drivers to cross the solid lane line before the stop line to avoid delays or to keep on the right route at many intersections in China.
Previous studies of lane change violations at urban intersections have mainly focused on detection and discriminant methods [8] [9] . However, to the best of our knowledge, few studies have been carried out to provide a thorough investigation of drivers' motivation for this behavior. Although acknowledging the frequency of lane change violations at urban intersections, existing traffic management measures in some cities in China have been unsuccessful in reducing this behavior. Therefore, it is important to examine the factors underlying this behavior, especially those capable of being modified. The present study aims to identify the socio-psychological factors influencing drivers' lane change violations at urban intersections based on the theory of planned behavior (TPB) to support further behavioral interventions to reduce this behavior.
The remainder of the paper is organized as follows: First, we present a literature review of TPB, and then, hypotheses and a conceptual model are proposed. Second, we describe the participants and procedure of the survey and the measure constructs and questionnaire items. Third, the data analysis method and model used in our study are presented. Fourth, we present the results of our study. Finally, we provide an in-depth discussion of the results, followed by our conclusions.
Literature review
The theory of planned behavior (TPB) is a theoretical model to explain the decision process of individual behavior first proposed by Ajzen [10] . According to TPB, attitude (one's evaluation of a certain behavior either positively or negatively), subjective norms (one's perspective on a certain behavior under the influence of important judgments by others), and perceived behavioral control (one's perceived conducting of a certain behavior either easily or with difficulty) together form one's behavioral intention and behavior [10] . Based on TPB, numerous studies have found that psychological factors are strongly associated with drivers' traffic violation behaviors.
Atombo et al. conducted a study on how motivational factors influence drivers' speeding violations. The study showed that all components of TPB had strong significant correlations with drivers' intention toward speeding violations [11] . Benson et al. investigated the motivations behind texting behavior while driving. Their results showed that moral norm was the strongest predictor of intention toward texting-while-driving violations [12] . Studies by Palat et al. revealed that attitude and descriptive norms accounted for significant parts of the total effects on intention toward yellow-light-running violations [13] . Li et al.'s study showed that perceived behavioral control together with social environment had an indirect influence on competitive driving behavior [14] . Studies by Mohamed et al. demonstrated that attitude toward traffic safety was a significant predictor of drivers' aggressive driving behavior [15] . Jiang et al.'s study implied that self-reported fatigued driving behavior was significantly influenced by factors of subjective norm, perceived behavioral control and intention [16] . In all cases, the above studies confirmed that illegal driving behaviors had strong significant correlations with TPB factors.
There are no known studies exploring the socio-psychological factors underlying drivers' decisions of lane change violations at urban intersections based on TPB. However, there are some similarities between drivers' decisions in lane change violations at urban intersections and other driving violations, such as saving time, pursuing convenience, reaching a destination faster, and so on. Therefore, we attempt to investigate drivers' motivation for lane change violations at urban intersections based on the TPB.
Hypotheses and the proposed model
The factors underlying the motivation for lane change violations at intersections are not clear. Yet it is evident from the review that TPB constructs relate significantly to drivers' intention [11] [12] [13] [14] [15] [16] and driving violation behavior is found to have a significant correlation with drivers' intention [12, [14] [15] [16] as well as perceived behavioral control [14, 16] . Therefore, based on the TPB and the review of related studies, we formulated some hypotheses and developed a conceptual model. The hypotheses are shown in Table 1 
Survey and characteristics of items

Ethics statement
This study was approved by the Institutional Review Committee of the School of Transportation at Wuhan University of Technology. Before participants began the online survey, they were shown a text on the purpose and use of the survey and voluntarily decided whether to continue filling out the questionnaire. Participants were allowed to terminate the online survey at any time during the investigation process according to their own circumstances. All information related to the participants is strictly confidential. As lane change violation driving is both illegal and risky, participants were reminded of the danger of this behavior at the end of the questionnaire.
Participants and survey procedure
In our study, questionnaire survey was conducted to collect data. There were three parts in the questionnaire. The first part was an introduction instructing participants how to complete the questionnaire. The second part collected participants' demographic information, such as sex, age, driving experience, education, and driving frequency. The third part was designed to measure the TPB factors, lane change violation intentions and self-reported behaviors of participants.
Before the formal survey, a pretest with a small group (50 people) was carried out to exclude those unreliable and invalid items using a correlation and consistency test [16] . The retained items of every construct will be described in the next section. The formal questionnaire survey lasted for two months and was conducted online with the help of Changsha Questionnaire Star Network Technology Company Limited, which has a professional online platform providing Table 1 . Hypotheses of this study.
Hypotheses Description
H1
There is a significant correlation among the attitude toward lane change violations at urban intersections, subjective norms and perceived behavioral control.
H2
The behavioral intention toward lane change violations at urban intersections is predicted by attitude, subjective norms and perceived behavioral control.
H3
Self-reported lane change violation behavior at urban intersections is predicted by behavioral intention toward lane change violations.
H4
Self-reported lane change violation behavior at urban intersections is predicted by perceived behavioral control over lane change violations.
questionnaire and assessment services in China. It should be noted that only participants 18 and above and with a driving license were invited. Moreover, participants were not allowed to take part in the survey more than once when they had the same Internet protocol address. In total, of 621 questionnaires distributed, 506 were found valid, representing 81.5% of the total questionnaires administered. Participants' demographic information is described in Table 2 . Participants included 280 (55.3%) male and 226 (44.7%) female drivers. Descriptive statistics showed that most of the respondents (35.8%) were between the ages of 30 and 39. 36.4% of respondents had an undergraduate degree. Furthermore, 34.6% had driving experiences of 6 to 10 years, and 32.0% drove their cars from 6 to10 hours per week. For further details, see Table 2 .
Constructs and corresponding items' variables
The constructs and corresponding items were adopted based on the proposed model and related studies on traffic violations [10] [11] [12] [13] [14] [15] [16] . There were five constructs and 15 items in the third part of our questionnaire, which are shown in Table 3 . The measure of a driver's behavioral intention (BI) to cross the solid lane line at urban intersections was obtained from three items. Participants rated the extent to which they would feel like performing a lane change violation in three described scenarios. The BI construct was measured on a 5-point scale, ranging from 1 = ''strongly disagree" to 5 = ''strongly agree". Cronbach's alpha (α) was 0.903.
Four items were used to measure a driver's attitude (AT) toward lane change violations at intersections. The four statements were about attitude of convenience and time-saving, arriving at a destination more quickly, traffic order, and a sense of accomplishment. The participants were asked to select the answer that reflects his/her level of agreement to the statements. The AT construct was measured on a 5-point scale, ranging from 1 = ''strongly disagree" to 5 = ''strongly agree". Cronbach's alpha (α) was 0.795.
Three items were used to measure subjective norms (SN). Participants rated the extent to which their family members and important friends supported their conducting lane change violations at urban intersections. In addition, participants rated the extent to which the police would ticket them for this behavior [16] . The SN construct was measured on a 5-point scale, ranging from 1 = ''strongly disagree" to 5 = ''strongly agree". Cronbach's alpha (α) was 0.846.
Perceived behavioral control (PBC) was measured using three items. Participants rated the extent to which they thought conducting a lane change violation at urban intersections was easy, the extent to which they thought it was possible, and the extent to which it depended on their own decision. The SN construct was measured on a 5-point scale, ranging from 1 = ''strongly disagree" to 5 = ''strongly agree". Cronbach's alpha (α) was 0.788.
Self-reported lane change violation behavior at intersections (LCV) was measured using two items. Participants rated the frequency with which they have conducted lane change violation behavior at urban intersections, and at which they have been punished for this behavior. 
SN3
The police wouldn't ticket drivers for making lane change violations at urban intersections [16] .
Perceived behavioral control (PBC)
PBC1 I am capable of evaluating all situations carefully enough when I change lanes at urban intersections.
PBC2 When I change lanes at urban intersections, my capability can match the high challenge of the situations on the road.
PBC3
Obeying the lane markings at urban intersections depends on the circumstances, not on me. The LCV construct was measured on a 5-point Likert scales, ranging from never (1) to very often (5). Cronbach's alpha (α) was 0.867.
Self-reported lane change violation behavior at intersections (LCV)
LCV1
Data analysis and model development
Descriptive statistics were conducted to reveal the profiles of all the items and the five constructs. A Pearson's chi-square test was used to examine the gender and age differences of drivers' self-reported lane change violation behavior. Pearson correlation analysis was performed to explore the relations among all the items. All of the above data analyses were conducted using the IBM SPSS v 25.0 program. Explanatory factor analysis (EFA) was utilized to guide the intrinsic structure of the large set of item variables [17] . A Kaiser-Meyer-Olkin (KMO) test was used to verify the adequacy of the sample, and the KMO value should above 0.5 [17] [18] . Bartlett's test of sphericity was used to verify whether the data were appropriate for factor analysis [17] [18] . Principle component factor analysis with varimax-rotation was performed for extraction factor and factor rotation in EFA, which was conducted using the IBM SPSS v 25.0 program.
To test the theoretical model proposed in this research, we used structural equation modeling (SEM), which is an effective technique to examine hypotheses about relationships among observed and latent variables [15, [19] [20] [21] . A SEM model comprises two parts: the measurement model and structural model [15, [19] [20] [21] [22] . The measurement model describes the link between observed variables and latent variables, and the structural model uses the simultaneous equations to relate latent variables to each other [15, [19] [20] [21] [22] .
The measurement model was tested using confirmatory factor analysis (CFA) [17] [18] [19] [20] [21] [22] [23] . In CFA, the reliability, convergent validity, and discriminant validity of the constructs were tested. The structural model was tested to make a path analysis of hypothesized relationships between constructs.
In our study, both CFA and the structural model test were performed using the AMOS 24.0 software package. The estimation methods available in AMOS include maximum likelihood (ML) estimation, generalized least squares (GLS), unweight least squares (ULS), scale-free least squares (AFLS), and asymptotically distribution-free (ADF) [21] [22] . ML is the default method in AMOS and is the one most commonly used in a SEM test [15, [21] [22] [23] . When the data are approximately normal [21] [22] [23] and the data sample size is medium or large (greater than 500) [21] , the ML estimation method is recommended.
Data normality assessment was taken first, prior to estimating the measurement model and the structural model. As Kline suggested that tests such as z-test might not be helpful in some situations, we tested normality based on absolute values of skewness and kurtosis [23] . For acceptation of normality, Kline suggested that absolute values of skewness and kurtosis should be less than 3.0 and 8.0 [23] , respectively, while Singh et al. suggested that skewness and kurtosis values should both range between -2.0 and 2.0 [17] . We adopted the suggestion of Singh et al. as our criterion.
The CFA model and the structural model testing fits were verified using several fit indices, such as chi-square divided by degrees of freedom (χ 2 /DF), the root mean square error of approximation (RMSEA), comparative fit index (CFI) and so on [21] [22] [23] [24] [25] [26] [27] .
Results
Descriptive statistics
Approximately three fifths (64.6%) of participants stated they had experienced lane change violations at intersections and 48.4% reported they had been punished for this violation. The score values of the five constructs were calculated using the average score values of their corresponding items. Means and standard deviations of constructs and items are reported in Table 4 as well as skewness and kurtosis values of all items. 
The results of EFA
Explanatory factor analysis (EFA) was utilized to examine the intrinsic structure of the item set and to extract the principal factors. EFA was developed based on a sample of 253 from original [17] [18] . Principle component factor analysis with varimax-rotation was performed to extract factors from the total 15 items. The results of EFA are shown in Table 7 . Each item was assigned to a factor according to its factor loading. In our study, items with factor loadings above 0.5 and without cross-loadings were retained [16] [17] [18] . As shown in Table 7 , all factor loadings of items were above the threshold value of 0.5, and no items were eliminated. Using EFA, five factors were extracted from 15 items: LCV, BI, AT, SN and PBC. These factors could explain 76.95% of the total variance.
The results of CFA
To test the measurement model, confirmatory factor analysis (CFA) was conducted after EFA based on a sample of 253. The data normality assessment results are shown in Table 8 . For all items, skewness values range between -0.096 and 1.051, and kurtosis values range between -0.967 and 0.571; both the absolute values of kurtosis and skewness are less than 2.0. Thus, the normality of the items variables is acceptable and maximum likelihood (ML) estimation could be used for CFA.
In CFA, the model fit, construct reliability, convergent validity, and discriminant validity were tested. Fit indices statistics in CFA and recommended criteria are shown in Table 9 . The model fit indices satisfy all acceptable criteria, indicating that the model fit the data well.
The estimation results of the measurement model are shown in Table 10 . The standardized regression weights (Std.R.W.) of the observed variables range from 0.699 to 0.903 (p � 0.001), indicating that their respective latent constructs significantly represent the observed variables.
The convergent validity, discriminant validity and construct reliability were tested to ensure the validity of the survey and the proposed model. All of the results are shown in Table 11 . Average variance extracted (AVE) was estimated for testing convergent validity. The results show that all AVE values ranging from 0.528 to 0.811 are above the threshold value of 0.5 and are also below composite reliability (CR) values, indicating sufficient convergent validity [17] [18] [21] [22] [23] [24] . Discriminant validity is also satisfied since the mean shared variance values (MSVs) < AVEs, average shared variance values (ASVs) < AVEs and also the square root of AVEs (on the diagonal in the Table 11 ) are greater than all inter-construct correlations [17] [18] [22] [23] [24] . Finally, the result shows that construct reliability is satisfied since all composite reliability (CR) values are above the threshold of 0.70 [17] [18] [22] [23] [24] . Overall, all five factors in the measurement model have no convergent and discriminant validity and reliability issues. 
Results of the structural model
Path analysis was performed to test the proposed model and investigate the relationships between latent variables based on the total sample (N = 506). Kurtosis and skewness values of all the items are shown in Table 4 . The absolute values of kurtosis and skewness are less than 2.0; the normality is acceptable and maximum likelihood (ML) estimation could be used for the structural model test.
Fit indices values of the structural model are shown in Fig 3. The structural model fit indices (χ 2 /DF, NFI, CFI, GFI, AGFI, PGFI, PNFI, RMSEA, and PCLOSE) satisfy all acceptable criteria listed in Table 9 , indicating a sufficient basis for path analysis. All hypotheses proposed in this study were tested and the path coefficients in the SEM are shown in Fig 3. The path coefficient between AT and SN is 0.52 (p < 0.001), between AT and PBC is 0.37 (p < 0.001), and between SN and PBC is 0.50 (p < 0.001). All path coefficients among the above constructs are found to be positive, which means significant positive correlations between attitude, subjective norms and PBC. Therefore, hypothesis H1 is supported. Behavioral intention toward lane change violations at urban intersections is directly predicted by AT (Std.R.W. = 0.23, p < 0.001), SN (Std.R.W. = 0.32, p < 0.001), and PBC (Std.R. W. = 0.34, p < 0.001). Hence, hypothesis H2 is also supported, which means all TBP factors predict behavioral intention toward lane change violations at urban intersections. The path coefficient from PBC to LCV is significant and positive (Std.R.W. = 0.19, p < 0.05). Hypothesis H4 is supported, which means PBC predicts and influences self-reported lane change violation behavior at urban intersections.
To investigate the indirect effect of PBC on LCV via BI, bootstrapping was performed based on 1,000 bootstrap samples. By bootstrapping, a bias-corrected confidence interval (CI) can be obtained [24, 28] . If the confidence interval does not contain zero, the mediation effect is significant [24, 28] . As shown in Table 12 , the results indicate that the total effect (0.306), indirect effect (0.118) and direct effect (0.188) of PBC on LCV are all significant, thus, making the case for partial mediation.
Discussion
Gender and age differences in lane change violation behavior
Previous social psychology studies have revealed that males are more risk-seeking than females [29] , more competitive than females [30] , less altruistic than females [31] [32] , less cooperative than females [33] , more dishonest than females [34] , and less harm-averse than females in moral dilemmas [35] . In line with these findings, gender differences were observed in risky driving behavior and traffic violation behavior [16, [36] [37] [38] .
In our study, a gender difference was also observed in lane change violation behavior at intersections. Males were more likely to engage in lane change violation behavior and to be punished for this behavior than female drivers. Compared with female drivers, male drivers had a stronger intention to perform lane change violations at urban intersections when they had chances to do so. Thus, related traffic management and traffic education should pay more attention to the male driver group.
There were also age differences in drivers' lane change violation behavior at intersections according to our study. Drivers aged 18-29 were more likely to commit this violation behavior than other age groups. This finding is consistent with previous studies on the driving behavior of young drivers [37] [38] [39] [40] . Young drivers are more risky, more confident about their driving skills and had more positive attitudes toward lane change violation behavior. Therefore, young drivers should also be paid more attention to in future interventions for lane change violations at urban intersections.
Predictors of self-reported lane change violation behavior
Previous studies have found that the TPB could successfully predict and explain speeding [11] , texting-while-driving behavior [12] , yellow-light-running violation behavior [13] , competitive driving behavior [14] , aggressive driving behavior [15] , and fatigued driving behavior [16] . As In line with previous studies, behavioral intention is the most direct and important predictor of behavior, which further confirms the role of rational decision-making in drivers' violation behavior [14] [15] [16] . As the path analysis results show, behavioral intention has the strongest total effect on self-reported lane change violation behavior at urban intersections, which supports the view that the individual's intention is a preparation for performing behavior [10] .
There is evidence that the direct effects of PBC on both drivers' behavioral intention and self-reported lane change violation behavior at urban intersections are significant. In addition, PBC has a significant indirect effect on self-reported lane change violations via behavioral intention, indicating that the more confident drivers are about their driving skills, the more willing they are to underestimate traffic conditions and thus to engage in lane change violations at urban intersections.
Furthermore, in our study, attitude is a predictor of drivers' intention toward lane change violations at urban intersections, suggesting that some drivers are willing to risk crossing the solid lane line at urban intersections when they believe it will bring them meaningful benefits, such as saving time, convenience, or a sense of accomplishment. In line with previous studies [11, 13, 15] , this finding demonstrates that intrinsic motivation as an important human factor plays an important role in predicting drivers' intention toward lane change violations at urban intersections.
Finally, in the present study, subjective norms have significant effects on drivers' intentions toward lane change violations at urban intersections. This finding agrees with previous results showing that drivers are influenced by family members, friends or the police [11, 16] . This finding also demonstrates that the opinions of important people who disapprove of uncharacteristic behavior may impede their intention toward lane change violations at urban intersections.
Implications for safety interventions
The results of this study show that behavioral intention is the strongest predictor of lane change violation behavior at urban intersections and correlates strongly with all three components of TPB, which implies that future interventions for lane change violations at urban intersections should be associated with changing drivers' behavioral intention. To change drivers' lane change violation intention and behavior is a difficult but important challenge for road safety administrators. However, drivers' behavioral intention and behavior could be improved by satisfactory improvements in their attitude, subjective norms, and PBC.
Attitude significantly affects drivers' intention toward lane change violation behavior at urban intersections. Hence, road traffic safety education programs should make drivers realize that it is not worthwhile saving time or obtaining convenience by conducting lane change violations at intersections compared to drivers' safety. Related road safety regulations education should also be emphasized, as drivers in China have a greater understanding of the illegality of red-light-running behavior at intersections than lane-change-violation behavior. Moreover, serious punishments and fines for drivers' lane-change-violation of the traffic laws should be strictly enforced.
Subjective norms affect drivers' intention toward lane change violation behavior at urban intersections. Since drivers' behavior might be influenced by their family and friends, road traffic safety interventions should be combined with emotional and factual messages. An effective mean of education is to make drivers who intend to engage in lane change violations realize that their violations are not only harmful to themselves but also to their family and friends. What's more, road traffic safety education programs are not only for drivers, but should also take their parents and children as target groups for interventions. In this way, drivers might obtain positive influences from their family and good friends.
In this study, PBC turns out to significantly predict drivers' lane change violation intention and behavior. The more control they perceive, the more likely they are to engage in lane change violations at urban intersections. Many drivers do not perceive crossing the solid lane line at intersections as risky driving behavior because they are confident in their driving skills. Therefore, road traffic safety education programs should make drivers realize the serious consequences of traffic accidents caused by lane change violations at urban intersections. Pictures, videos, or victims' self-reports of lane-change-violation related accidents could play a major role in safety education. At the same time, enforcement should be enhanced. For example, more dedicated cameras for lane change violations should be installed, and the presence of police should also be increased. Under a law enforcement deterrent environment, drivers might find it more difficult to violate the traffic regulation governing lane changes at intersections.
Limitations of the present study
This study suffers from some limitations. First, a small number of questionnaire items were retained in our study, and further research should appropriately broaden the range of items in all questionnaire constructs. Second, the survey in this study was conducted online, which may have made it impossible for some groups of drivers who were not proficient at using computers and the Internet to participate. Furthermore, all of the measures of the questionnaire were based on a self-reported methodology. Inaccuracies in some participants' reports could affect the results to some extent.
Finally, our study examines the factors underlying drivers' lane change violation behavior at intersections using merely a basic model of TPB. However, some studies on drivers or pedestrians' behavior based on an extended TPB add other influence factors, such as deterring circumstances [13] , perceived risk [13, 25] , and conformity tendency [25] , which proves to be effective. Thus, it is necessary for further studies to introduce additional factors to achieve a better explanation of drivers' lane change violation behavior at intersections.
Conclusions
In conclusion, this study applied the TPB model to predict the influences of several socio-psychological factors within a structural equation model on drivers' self-reported lane change violation behavior at urban intersections. Overall, we found evidence supporting that behavioral intention and PBC are both significantly related to self-reported lane change violation behavior. Behavioral intention is the most direct and important predictor, which is also significantly related to attitude, subjective norms, and PBC. PBC can predict self-reported lane change violation behavior both directly and indirectly. These findings could provide further implications for interventions to modify drivers' lane change violation behavior at urban intersections. 
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